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Title: ftnpniYfimeii tg in or Relati ng to UNA Polymerase Promotes 
field of the Invention • 

ThiB invention ^ates to nucleic acid complexes 'comprising a functional RNA polymerase 

promoter, and to a method of detecting a target mdefc add sequence of interest 
BKckj^rouud of the Invention " 

RNA polymerases are enzyme molecules weH-lqnown to those sJoJiftd in fhe fields of 
molecular biology ^ molecular: di^gnosfic Kts.- RttA polymerases synthesise. RNA 
molecules from a DNA template "strarid." 

Much research has been carried om on RNA polymerases, especially bacteriophage RNA 
polymerases. Generally, bactertophsge RJjlA polyinerases are excfeptlOEilly- active fox in 

vurrc? tronscripticn. This high IcWl ;&ctiyity may be due in part* to the fact that they are 
composed of a single polypeptide chain and do not require a dissociating Initiation factor. 
These polymerases have been shown to be more active on supercoifed templates although 
ihey art? alio very active oxj linear templates {Smecfccns Sc Romano 1986 Kucl . Acids Res. 
14,2811), * 

Specifically, the RNA polymerase from the fcarimophage T7 has been shown to be very 
selective for epeciftc promoters that* are rarely encountered in DNA unrelated to T7 DN^ 
(Chamberiin et 1970 Nanire_228, 227; Dunn & Studier 1983 J. MoL Biol. 166, 477). 
17 RtiA polymerase is able ro maied araplete transcripts of afaiosi any DNA thaj is 
placed under control of a'T7 promoter** T7 RNA polymerase is a highly active enzyme 
that transcribes about five times faster than does Escherichia coli RNA polymerase 
(Studier et al y 1990 Methods EnzymoL 18?, 60)* The synthesis of small KN As using 17 
RNA polymerase has been described wheteby sequences around trie RNA polymerase 
promoter sequence ere shown to bft irnporrant in the reproducible improvement of yield 
of RNA produced (MiiUgan & UMenfeeclt, 1989 Mefliods iia^ol " 180 , 51 and MiUigan. 
er «/, 19S7 NuCf . Acid^Res.. 15, .8783-8798). Other RNA polymerases tfaat nwe similar 
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properties to T7 include those from bacteriophage T3 andSP6, the genes for which have 
all been cloned and the corresponding enzymes ate commercially available. Tbs optimum 
promoter sequences for T7* T3 and SP6 polymerases are known, and axe csscrtiially 17 
.nucleotides long. 

A number of methods have teen disclosed, .which utilise kwa polymerases to syntuesi$e 
RNA directly or indirectly* as the result of the presence of a particular nucleic acid 
segaen.ee of interest <*target ,? )- The -presence of RN- A (detected diwrty cir tndtrectty) thus 
. serves to signal the presence of the sequence of interest and can be used as the basis of 
assay methods and/or diagnostic methods or kits* Examples include the disclosures of WO 
'93/06240, WO $4J294&1\ EP 0851033, W$P 0552931- 

Summary of the Invention 

£ In a first aspect the invention provides a nucleic acid complex formed by a hybridisation 

R • " " ' " * 

rf : -. . iracfiqn comprising, four nucleic acid molecules; thecomplex comprising a target nucleic 
acid molecule and first, second and third nucleic acid probe molecules; wnerein the first 
1* /. p*obe comprise* a foot region which. is complementary to a fest .portion of the tercet and 

3 is. hybridised thereto, apd an armf region which is Rtinstantialiy nOn-cOnipljementaiy ro Ihe 
i . .target; the second probe comprises a foot region which, is complementary to a second 

4 portion of the target, such that the fpot -region of die second piobe h hybridised to the 
target adjacent or substantially adjacent to the foot region of die first pcrobe, the second 
probe also comprising an arm region which is substantially non^coxaplernentaiy to the 

■ ratget but which is cpniplemma 
third probe being cpaipleni«itary, 'at least in part, to a portion of the arm region of the 
first probe, such that third probe is hybridised to the arm region of the fiist probe advent 
to -the second probe;, and wherein formation of the. complex creates a functional double- 
stranded UNA polymerase prompter, . <mc x strand of the promoter -being provided by flte 
first probe, And the othftr strand being provided jointly by the second prote an* by the 
• . thJW probe, *' • , . * • m ' 

Preferably the sequence of tbe'probfts and the hybridisation reaction conditions are selected 
such tb^ the first, second third probes ^ 



3 

target, such that formation of the RNA polymerase promoter occurs in a targer-^ependent 
maimer. ..." . 

In a second aspect, the invention provides a method of detecting the presence of a target 
nucleic acid.tnplecnlein k sample, the method cdniprising; the steps ot contacting the 
sample comprising the target with, fiist aiid 'second nucleic acid probes, each probe 
ccnttprLaing a foot region complemeaitaiy to respective first and second portions of the 
target, which portions, are adjacent or substanfialiyiso; wKerdn The first and second probes 
each farmer comprise an arm region sub^tiaHy.non^tfim^ the target, at least 

part of the arm region of the first probe being complementary to at least part of the arm 
region of tha second probe, such that respective foot regions of the first and second probes 
hybridise to the target, allowing hybridisation of the complementary parts of the arm 
regions of the first and second probes; and causing to be present & third nucleic acid probe 
molecule which is complementary to a portion -of fTie arm region of the first probe, such 
that the third probe hybridises to the .first probe adjacent to the arm region of the second 
probe, thereby creating a -fanctioiLal i^ubl^5lntud^i RNA polymerase promoter, one 
strand of the promoter being provided by the first probe, the other strand being provided 
jointly by the second and third probes; -.causing RNA synthesis from the RNA promoter; 
and detecting, directly or indirectly, the &NA so synthesized. 

The method of the second aspect of the invention thus results in formation of the complex 
of the first aspect,. : 

* It is an essential feature of the invention that the first and second probes; when hybridised 
to the target sequence, are adjacent or &!b#annally adjacent to each other. Use of the 
term "adjacent" is herein intended to mean that there are no nucleotides of the target 
seijtieaee left without b*$e-pairifig between those portions of the target s«qnf»nr.ft which are 
base-paired to the .complementary sequence of the probes. This proximity between the 
probes enables the complementary arm . portions of ftio piobes to anneal . As will xeadily 
be apparent to those skilled in die ari, by .designing die probes so as to allow for annealing 
to each other at -greater separations ftoiH the target sequence, gaps may bo Introduced . 
between the loci in. the target iaacleoiide sequence to -which the probes hybridise. In this 
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situation the probes are said to be "substantially adjacent", because there may be some 
nucleotides of the target sequence left without hase-paiiing between those portion of the 
target sequence which arc basa-paircd 'to the probes; Clearly> the number- of intervening 
tin-paired nucleotides of the target- seqnence s&n vary according to the design of the 
probes. Thus whilst it is* preferred thaf the first and second'probes hybridise so as to be. 
accent, the probes may be separated by up to 5 nucleotides of target sequence, and die 
term "substantially adjacent" is intwated to refer to such situations. . . 

It will be apparent to those skilled in die art that the order of addition of probes in me 
-formation erf the nucleic acid cotipfex is 'not critical; thcthird probe may* for example, 
be hybridised to the first pr£be befhre the 'second probft and sample are added. 
0? • Atoern&ively, for example, all three probes' may be simultaneously mixed with the sample 

containing the target molecule:. 



^4 

ifl 



Tf ft' will be further apparent .to those skilled in the Art that die' second and third probes, 

':4 • - which Jointly provide one. of tfce srralids of the KNA - polymerase promoter, axe not 

m . • . • ■ 

covalentiy jojmed-4mdthe.proTr4cter sequej^tbos contains a ?wdk? in the phosphodiester 

backbone .of ..one of the strands. As far as the inventors ate aware, it has not been 

appreciated inmerto- tttat such discoiiriiiaous. nucleic acid strands could still give rise.io a 

Si functional RNA polymerase promoter. 

Preferred promoters for use in the. invention' are those recognised by bacteriophage 
polymerases; especially those projnoiers recognised by one of T3, 17: or SP6 polymerase- 
These will generally compose a minimum of 17 bases, esseotudiy douhle-stranded. The 
sequence of the double-stranded T3 KJJ A polymerase promoter (described ijo tbe prior art) 

Is: * . . • • . • ' ' • . . . . 

5' AAATTAACCCTCACTAAA 3 3 
3-' ITrAAlTGGGAGTGATTT 5" 

(A number of variant T3 promoter sequences are also taown, especially those in which 
the first three bases of T&e non-template strand {the tippet strand sltowii above] sre 5* TTA 



3", orther than AAA.) 

TUc sequence of toe T7 KNA polymerase promoter (described in the prior art) is: 

5' TAATACGACTCACTATA V- 
3* ATi'A'IGCTGAGTQATAT 5" 

**. 

TKe se qa^-c of the UNA polymerase promoter (described in the prior art) is: 

5' ATTTAGGTGACACTATA 3' 

3' TAAATCCACTGTGATAT 5' • 

One of ihe strands is provided.by the first pidfce ..' TvpicaHy this witt be the -senke" (+) 
strand, wmch is transcribed by mepoh^aeraee: Accordingly the first & obe will generally 
comprise a stretch of . "template ■ nucleic acid to be. transcribed; The template will 
desirably comprise scqnences widctt ftcaTttato capon* (eg. itybridisariott) of the resulting 
RNA uanscript and/or detection ' 1* addition, Ihe first probC may desirably contain 
sequence (e.g. a '+12 sequence* 1 ) .5* «f the promoter .^uenCe,- which, serve to increase 
• tbe activity Of me promoter. Sp^'nkaiiccs of »k:h' sequences are- disclosed m the ■ 
examples below. ' 

* 

The inventors have elucidated the optimum sequence of +12 regions for the 1*7 
polymerase (diseased In greater detaB below) - it is noilmoWn *a present if these are also 
optimum for, «y,.T3 ^dsWpo^metases. If; asispossibK.SPe *idT3 polymerases 
have different optimum +12.regions.. it would be a simple matter for the: person skilled 
' in the art to ideally tbe relevant sequent by triai-and-error, wfcbihe benefit of the 
present disclosure. '= ';.. 

The sequences of preferred +tt regions, for inclusion in the template portion of me first 
probe, (in respect of T7 polymerase) are shewn below in Table 1. The nibst acdye +12 
region (giving greatest temwriprirtn) k at the top. with the Other sequences shown in 
decreasing order of preference, ,"'.'*.■ 
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Table 1 Alternative template +1 to +12 sequences for T7 polymerase, in descending 
order of transection efficiency.. 

5' ATCGTCAGTOX r 
5* GCTCTCTCTCCC 3' 
3* ATCCTCTCTCCC 3' 
5' GTTCTCTCTCCC 3' 
5* GATGTGTCTCCC 3' . 

5' amnmcrcoc 3* 

5' ATCCTCCTGCCC 3' 

5 T SCTCrCGTGCCC 3' . 
gl 5' GTTCtCeTGCCC 3' 

P 5" GTTOTOOTOGQC 3* 

W (The '5* base is numbered as +1, being the first base downstream from the end-of the 

promoter sequence, the 3'base as. +12). 



• -* 

EI 



(0 



In a further embodiment, the template portion of fee complex (on the first probe) could 
ff . contain sequence that can be used, to Identify, decefc; or amplify the de now syathesrised 
' RH<^ tt&ractftpte (see,. for example, WO 93/Q624Q,. U.S 5 5 554.;S16, or, for example,, using 
molecular beacon sequences such as tibose disclosed by Tyagi & Kramer 199)6 Nature 
Biotech 14, 303-305). These sequences- are conyeniendy placed adjacent to, and 
downstream of , a regies (as described above) and may comprise, but are not limited 
to, one or more nf the following: unique "molecular beacon* sequences; capture 
sequences; and detection probe cdt^lemeniary sequences. 

In principle, the second and third probes may make any contnbntioTi tn the promoter 
sequence provided that, in combination, the stcondand third pfobes provide one strand 
Of Oie tUH promoter sequence* |n pracu<je T ilie inventors have found that optum^. results 
are generally obtained when the second probe provides 2 to 4 (prcferafejy 3) bases at the 
5* end of the promoter sequence, *ith th£ rest of the promotes (15 to 13 bases) being 
contributed fcy the third probe. 



Any of the first, second or third probes may comprise DNA, peptide nucleic acid (PNA). 
•locked nucleic acid (LNA), (less preferably UNA) or any combination thereof. It will, 
however, generally be desirable tfcat those- portions of the probes which constitute the 
promoter comprise conventional DNA, so as to ensure recognition by the relevant 
polymerase. ..*•.' 

PNA is a synthetic nucleic acid analogue in -wfcicb. the STiga^pbosphate backbone is 
wptecfid by npepttde-Knked chain (typically of repeated N^ainmoethyl)-gIycine units), 
to which the bases are joined by 'me&yUme caibonyl linkages. PNA/DW A hybrids have 
high Tin values' compared to double stranded DNA molecules, since in DNA the highly 
negatively-charged phrkptiate backbone causes electrostatic nipolsioft between die 
respective, strands, whilst the backbone of PNA is uncharged- Another characteristic of 
PNA is mat a single base mis-match, b, relatively speaking, more destabilising than a 
single base mis-match in heteroduplex DNA: Accordingly; PNA is useful to include in 
probes for use in the present invention:, ;'as the resulting probes have greater specificity 
than probes consisting entirely of DNA- Synthesis and uses of PNA irave been disclosed 
fcy,.for example, Orum a at, .(1993.Nucl. Acids Res. 41, 5332); Bgholm <Jf al, (1992 J. 
Am. Chem Soc! 114, 1805); and F^hohn etal, (1993 Nature 365, 566). 

LNA is a synthetic nucleic acid analogue, incoiporaimg "internally bridged" nucleoside 
analogues . Synthesis of I.NA ; and properties .therefl'f, have.beem described by a number 
of ^rthors: Nielsen * A, (1997 J. Chem. Sac. Perkin. Trans. 1, 3423); Koshltin et al, 
(1998 Tetrahedron Leuere 39>438lHSingh & Wcngd {1998 Chem. Coranwn. 1247); and 
Singh et al, (1998 Chem- Commun' 45$).' As with PNA, LNA exhibits greafet thermal 
stability when paired, with DNA, than- do conventional. DNA/DNA heterodajdexes. 
, However, LNA can be syntiaesiscd on conventional nucleic acid syntnesistag machines, 
whereas PNA cannot. Therefore, in. some, respects, LNA is. to be preferred over PNA. 
For use in probes in accordance with the present invention. 

la addition to non-conv(sntitonal nucleic acids (such as- LNA, PNA or nucleic adds 
containing base analogues), any one or mote of the* probes of use in the invention may 
comprise one or more destabilizing moieties. . 
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The destabilizing moiety is a chemical entity which is generally unable to irrjdergo base 
pairing ■ and hydrogen banding in the . normal manner as' usually occurs when 
complementary srrands of nucleic afcid become hybridised. 

Ail manner of molecules may he suitable for use as a destabilizing moiety, although some 
compounds are specifically preferred, as (Inscribed Mow; With the benefit -of the present 
specification, tfie person skilled hi (he art wilt be able to test other compounds and readily 
select those which confer the appropriate degree of destabiliiation.so as to preheat the 
hybridization of probes in the absence of target nucleic acid of interest. Particularly 
preferred, as a matter of convenience*, ate those can^pounds which are cununeoaaUy 
available in a form (e.g.. as phosphoramidites) which' facilitates their incorporation into 
synthetic oligonucleotides using .conyendoual automated solid phase nucleic acid 
synthesisers. 

Destabil&iag moieties which partner base pair, hut which nevertheless are capable of 
forming flexibla folds and/of hairpin, structures, are especially suitable, On£. such ■ 
preferred desbibiliaing moiety comprises heaacdryicne" glycol (abbreviated herein as • 
"Hex") (see Figure 5), which may be present singly ox in tandem up to it time?; (where n 

can be any number > 1, bat conveniently has a maximum value of 5), In a particularly 
preferred embodiment, che third probe .comprises one Hex molecule, where the number 
of bases opposite the destabilising moiety in the arm region of the first probe should be 
three to four bases. An alternative preferred destabilizing moiety comprises a plurality 
of alkyierie (especially methylene) repeats, Particularly preferred are pcaata- or hexa- 
nicthvlcne spacers- . 

Other, less preferred, destabilizing moieties may alternatively be used. These include, but 
are not* Bruited to; Ihoslne, Virazolc™. (^f 1>[1^? : D ribofhrandylj.3 c^DOxanoido-1,2,4 t r 
triazole)» Nebtnarin^; {N[9]-£l-jM> T%ofHrano*yT]~xntftae), nitropyrtole, rtfoose, propyl 
or combinations of the above eg. propylrEe^-propyl, pxopyl-Hex-Hex-propyl,. etc. Propyl 
may be replaced by. fox example, cOxyi; butyl, pealyU beptyl, octyl etc. The number of 
* bases opposite the dwtabiKzing moiety ia ih a' arm region Of the reciprocal probe should 
be*, wnerexis Theexact nunjb«ar of bases will of course d^e^ on tto size of ttp 



destebilizixtg moiety and the value of n. 



;may 



probe 



The following 
She opposite 
molecule or r&didai 
probe should pref =rably 
- two bases, pcntfl 



The person skilled 



and- sequences to: 
third probes («n4 
depfitidCTit manne r, 
of the first and 
hybridise unless 
seeond probes to 



be used as a guide, fox each Hex molecule in the destabilizing moiety , 
should preferably, comprise 3-4 bases - (preferably 3); for each ofher 
mentioned above pineal jn the descabliiziag moiely,. the opposite 
comprise a single base, with the exception of the following: butyl 
two bases, heptyl - three bases, and octyl - four bascs. 



The chemicals described above and used as destabilizing moieties are ell commercially 
available (e*g. fcpih GlenReteaftfr T USA). 



in the ait VOL appreciate how to select appropriate conditions, materials 
the probes, in order tp. ensure that me complex of the first, second ami 
hence formation of the functional RNA promoter) occurs m a target 
In essence, the degree of co^ementarfcy between the ton regions 
second probes most be such mat, ia the conations employed, they will not 
stabilised by hybridisation of the respective foot regions -of the. first sod 
the target. • • . 



Genmuy . therefore, the foot regions of lire first and second probes wiU comprise at least 
10 bases, preferably at least 20 bases, and more pref frraUy at least 25 bases There is ™ 
upper limit on the size of the foot regions (which may, for example, comprise several 
kiiobases)- However, in practice, the* probes will normally be in vtirv syaOiesised 
ohgomiclcotidcs and 90 it will beprefeked- for tfce foot regions to coinprise no noore than 
about 75 bases. " 

In contrast, the number of wx#temehtary bases between the arm regions of tbe fxrst and 

.'•*".* * 

second prohf* Will normaJly be ^o more than 25. typically less, than 15, and optimally 
between 5 and 13 bases. 

In preferred embodiments, the invention provides a method of generating a signal in a 
target-dependent nianner * (Le. creation O* me complex ;and henee formation of tte 
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functional promoter) and causing amplification of this signal (generation of multiple RNA 
transcripts, under the control of the proipoter) : in. a -system which may require tne use of 
' a. single enzyme type. {RNA polymerase) >;wihottt the necd.for additional enzymes (e.g. 
DNA polymerases) to bring shout rtie an^Iificarjon. This- is significant as the reaction 
conditions for optimum activity of RNA- and iXNA polymerases arc generally mutually 
exclusive. 

. RNA produced in accordance wife the invention could be detected in a number of ways, 
pic&xably foUoWing An^lification (most preferably by jaean* of an isothermal 
«taplincadon step e.g. as disclosed k US S/W9;491 and IJS 5.48QJ84). For exaanple. 
x^wly-synGiesised RNA could be detected in a conventional manner (e.g» by gel 
electropixiresis), with or without incorporation uf labelled bases dicing the synthesis. 

AiKanoativeiy. for example, newly^synthesfeed RNA could be captured at a solid surface 
(e.g. oit a bead, or in a imcroUtre plate)-, ,and the captured molecule dctwUxl by 
hybridisation with a/labelled nuck^c acid probe (e.g. nutto-labelled, or trior? preferably 
fehelled with an enzyme; cfaroihophoafe. fluorophore and .die like). Preferred enzyme 
labels include horseradish peroxidase and aiicatoe phospitatase. 

One preferred detection method involves the. me of molecular beacons or. the techniques 
of flwr^cence resonance energy. transto^f ! REX , '>, delayed miorescence energy transfer: 
CDEFRET") or homogeneous tunc-resolvod fluorescence ("tXITSF")- Molecular beacons 
are itolecules which, a fluorescence signal may or tiaay not be gen^r^fed, depending- on the 
confofmation of the? moleculel Typically; -one part of the molecule will comprise a 
fluorcphore, and another pari' of the molecule wju comprise a* H <£ueucticL " to qacooh 
fluorescence from the fluorophore. Thus, when the conformation of the molecvte is sncti * 
that die fluoroshore and quencher are in close proximity, fine molecular beacon does not 
fluoresce, .but tvfceri ttietluoxoptioxe and ihe^ueneher are relatively \via«dy-sepa«fiietl, the 
molecule docs fluoresce. The molecular beacon conveniently comprises a nucleic aci/1 
mblecnle labelled with an appropriate fttfdrophore and quencher. 
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One manner in which thfc conformation of the molecular beacon can be altered is by 
hybridisation: to a nucleic add, for eaainpte' inducing looping out of parts of the molecular 
beacon, Alternatively, the molecular, beacon may baitiaXly be m a hair-pin type structure 
(stabilised by self-complementary • base-p&iring), which .structure is altered by 
hybridisation* or by .cleavage by an etfzyme or ribozyme; . 

FRET {Fluorescence ResQrumce Energy Transfer) occurs wheat a fluorescent donor 
molecule transfers energy via. a noiiradiative dipdle-dipole toteracririn to an- acceptor 
molecule. Upon energy transfer, wbiich depends on the k"^ distance between. the donor 
and acceptor, die donor's lifetime and quantum yield are reduced And the acceptor 
fluorescence is increased or sensitised .. •. . 

Another approach (DEFRET, Peliy«l Fluorescence Energy Transfer) has beeu to exploit 
the unique' properties of certain metal ions. {Lan&amdes e-$. Europium) that can exhibit 
efficient long lived emission when raised to their excited states (Xexcitation « 337 am, 
Xcmsssion = 320 nm). Ifce advantage of . such long lived emission is the ability to use 
time resolved (TR) techniques in which 'measurement of the emission is started after an 
initial pause, so allowing all fee background fluorescence and Hght scattering to dissipate. 
Cy5 (Amttsharn Pharmacia) XAcxcitatiori— . 620 nm; Remission — 665 ma) can be used 
aslhc DEFRET paftner. . 

' - . * • 

HTRJF (see WOW/01224; 13$ 5,534,622) occurs where the donor (Buropimri) is 
encapsulated in' a protective cage (cryptatc) and attached to the 5/ end of an oligomer. 
The acceptor molecule that has been developed' for this system is a protein fluorophore, 
called XL665. This molecule is linked to the 3* end of a second probe. This system has 
been developed by Packard, 

In another embodiment, the newly-synthesised RNA, before or after amplification, results 
in tbmiatiCfla ot a rib62syme t .which can be detected by cleavage of a partkulai nucleic acid 
sobstcatt sequence (eg, cleavage of a fhicarOphore/quencher dual-labelled oligonucleotide). 

The invention will now be'fartfcer described by way of illustrative example and with 
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reference to the accompanying drawings, wherein: 

Figures 1 and 3 are schematic representations of a nucleic acid complex in accordance 
with dbe mvenrionr 

Figures 2 and 4 arc bar charts sHowiug amount of RNA produced (in fcmtomolcs) from 
various nucLeic acid, complexes, and; 

Figure 5 is a schematic representenon of a preferred destabilising moiety for me in some 
embodiments of tic invention. 

Example 1 

• ' This example demuxisiiaftxi that T7 &NA polymerase and three ottgonnclcotidc prober 
Jz > could b« used to. detect a specific, target sequence, , Probe V contained a 34 base foot' 

P region. <&mpLeroentary to the target sequence; an 8 base .overlap sequence; the 17 base 

m_ * reimpiare strand of me .T7 promoter; a +12 sequence and a capture and probe seqnemee . 



-fox detection. Pmba 2 comprised a 33 Base foot region complementary to the target 

h ' - . 

O sequence; an 8 base ovetiap $equence.and.tbe first three bases of the conipleiae»tary 

§ • saW of tbe r/ promoter. .PfOb* 3 contained U» remaining 14 bases of the. 

Lj '. coTriplcjooLcuat^ry strand of the 17 base- T7 promoter sequeace- example i* illustrared 

iflk . . . schematically in Figtire L ■..*. 

^ • .. , . ♦ . «... 

1.1 Preparation of oHgonutf«#tieIes 

AH oligonucleotide prob£$ were sypthesisedby phosphoramiditc chariistcy using. an 
Applied Biosystems 380A synthesiser according to. the niaiRifac^rer's instructions.. 
Biotinylatian of oljgojmcteoiide probes* was achieved by incorporation .of a biotin . 
phosphoramiditc. Oligonucleotide* fujictienalised witti alfcalinfi phosphatase were prepared 
using the manufacturers proprietary method (Oswel). Ail oEg^cleotides -weie HtfLC 
purified using siandardVteclmiquttf. 

1.2 Synthesis of RNA off hybridised oligonucleotides 

Hybridisadoii w$$ achieved in an assay, wixlmv ttiat .coatalncd 10 fmolprobc 1, 50 fraol 
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of probe 2, 25 ftnol of probe 3 and 1 firnol of probe 4 (target for CFTR gene), Together 
With T7 KNA polymerase bafffer (40 miM Ttis-HCL,. pH 7 A 6 mM MgCI 2 , 2 ruM 
speanidinc, 10 mM Nap at- final concentration). The reaction volume was made up to 20 
pi with. Mvase-free distilled wafer* {Attawing for fatef additions of eniymes and NTPs). 
Control reactions contained proles 1, 2 and 3 without target (probe 4). The taixmre was 
Seated to 90*C for 3 minutes to denature «lic nucleic adds, then cooled (by reunping at 
0.1 9 C/seeond) K> RNA polymerase <25 rails) a»d 2 /d NTP mix (20 mM of 

each NTP: adenosine 'S'-tripfco^lmte <ATP). guanosine S'^nhosphate (OTP), cytidine 
5 4 -triphosphaie (CTP) uridine S'-triphosphatc (ITCP)} were added Bad tire mixture 
incubated at 37*C for 3 hours. 

L3 Capture and detection of synthesised SNA 

20 jA of -assay sample was added to 145 # uybridlsation buffer (50 mM Trifr-IICl, pH 6.0, . 
I M Nad, 20 m¥ EDTA. and 011% BSA ) cooiwwg 0.9 pnaM biotinylated capture 
oligonucleotide f specific for me SNA to be detected) and 6 pmol. specific alkaline 
phosphatase olxgoruicleocide Ux streptavidta coated wells, Incubation (60 minutes at mum 
temperature, shaking at SOO 'ipm) allowed the RNA to be immobilised oil the wells via the 
biotinyiated capture probe and annealed to the detection probe. Unbound material was 
removed from the weils by washing four times .wjm TBS/D.1% Tweaa-20,.then once with 
aLkalinc • phosphatase substrate l^iffer. '{Boefcrmgex- . Mannheim)- iFinalty, alkaline, 
phosphatase snhstVate buffer containing 4-nitrophenyl phosphate (5mi/ml) was added to 
each well, the plate was incubated at 37°.C in a L-absysteins felA plate reader and readings 
were caJcea at 405 nhi every 2 minutes. Result? are presented in. Figure 2, 

1.4 iist of oligonucleotides 
Ffcobel 

5' TGCCTCCITOTCteO 
TAGTGAGTCGTAITTAAT^ 
AGCG 3^ (phosphate blocked) 
Probe 2 

5 s GCCTGGCACCATTA AA G AAA AT ATCATCTTTITCX3AA ATTAA 3' 
Probe 3 
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5' TACGACTCACTATA 3' 

ItObe 4 (target) 

5' GTTGGCATGCTTTGAT^^ 

CAAAGATGATATTTTCTTM 

A<^GAATGA^rTCTTC V . 

StCfticDCC of transcribed RNA 

5' GGGAGAGAGAGCCACAIICGGGUGAUAUCCAGAACGGAGACAAGGAG 
GCA 3* 

Capture Probe 

5' TCTGCTGCCTGCTTGTCTGCGTTCT 3* 
DetectLort probe CWallac-AP) 

5' GCiAlATCACCCG 3* (3' a&alfeie phospliate^ labelled) 



O 



Example 2 

This example demoasteatea tbat a Hexaetbylene glycol linker (Hex) positioned 3 bases 
%j from tfce 3! cad .of Probe 3 increased fee axnatot of signal obtained, the example is 

Iff \ illustrated sctoattarir^lly in Figure 



s 



2.2 ' Frepatftliou of oligoupcUotldes 

All oligonucteotLdc- probes WW ^epare^aad functionalised as described in E*arnple 1.1. 
Hex incorporation was aceojmpiMied by reaction of fistef growing chain with 18- 
diibethoxytrLtyi hexaetbylene * glycol, l-[(2^yanu^Oiyl)-(N > N^iiiOpiopyl)]-- 
phosphoramidite , All oligonucleotides were HPLC purified using standard techniques. 

2,2 Synthesis of SNA Off Hybridised oligonucleotides 

Hybridisation was achieved in an assay mixture that COfctakwd 10 fmol probe ±> 50 fmol 
"of proba 2; 50 finritaf probe 3 or .probe 5 and 1 finbl of probe 4 (target for CFTR.gcro), 
together with .17 RNA polyjnettSfr buffer (40 mM Tris-HCl.. pH 7,9, .6 jpM MgCL*> 2 
uiM SjpeixujdiDe:, 10 mM NaClar fioal cojacciitratioiij. The reaction volume was made up 
to 20 fii with RNase-fee distilled water (allowing for later additions of enzymes aad 
NTPs). Control reactions coosairted* probes 1, 2 ami 3 without target (probe 4), The 

Uiixtuxe was heated to 90°C for 3 minute? to. denature the nucleic acids, theucooied (by 
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ramping at 0. i°C / second) to 37°C. 17 RNA polymerase (25 units) and 2 fd'WTP mix- 
(20 uiM of each mT: adenosine 5 '-triphosphate (ATP), ^^o&iAeS^tfiphospIiate (GTP), 
cytidin* 5' triphosphate (CTP) iiridiDe. 5 triphosphate 0 JTP)) were-adied and the mixture 
incubated, at 37°C for 3 hours 

2.3 Capture and detection of synthesis^ KNA 

20 /it of assay sample was processed as described in Example 1.3. Results ore presented 
InFigure*, ' * 

2.4 List of oligonucleotides 
Pro** 1 

5' TGCCTCC-riGTCTrcGT^ 
TAGTGAGTCGraTTXXm^ 
. AGCG 3' (phosphate blocked) 

5' GCCTGGCACC^ 
PrnheS 

5'TACGACTCACTATA 3' 

Probe 4 (target} t . ." • 

5* GTTGGGATGGTTTGATGACGCrTCT 

1 caaaGatgata i r kloi i i aa\jgotg^^ag^ca^aat(xaggaaaactca<jA 

ACAGAATGAAATTCTTC 3' 
Probe 5 H — Hexaedylene-glyicol 

S' tacgactcacthata.3 ; : 

s * * 

Sequence of transcribed RNA 

5' GCGACACAGAGeCAeAUCC^ 

GCA 3 ; 
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Capture Probe 

5* TCTGCTGCCTGCTTGTCTGCGTTCT 3' 
Detection probe (Waltec-AP) 

5* GOAIAICACCCG 3* (y alkaline plioapliatase t*l>elled) 



to 



Claims 



1. A nucleic acid complex formed by a hybridisation reaction comprfciiig four nucleic 
acid molecules; the complex cocaprtstag a targ<^ nucleic acid molecule aad first, second 
and third nucleic acid probe molecules; wherein the first probe comprises a foot region 
: Which is complementary to a first portion of the target and* U hybridised thereto and fin 
arm region whack is. substantially non-^fomplenieDtary .to the target; the second probe 
comprises a, foot region Which Is ^r^Uaaeiuary, to a seumd portion of the target, sucli 
that the foot region of the second probe is hybridised to the target adjacent or substantially 
adjacent to 'the foot region o£the first- probe,- the second probe also comprising an arm 
region which is substantially no^^mplementary to the target but wMC3bt is complementary 
and hybridised to the arm region of the first probe; the third probe being cozsplemeotary^ 
at least in part, to a portion of the arm region of the first j?robe* sach that third probe is 
hybridised to the arm* region of (he first pjrobe adjacent to ttie second probe; ana ^tierein 

formation of the complex creates a functional double-stranded KNA polymeries promoter, 
one strand of the pTOTwiter hemg provided by the first probe, and the tttber strand being 
. provided jointly by tbe second probe and by the third probe. 

2. A method of detecting the presence of a target nucleic acid molecule in a Sample, the 
inethod cornprisiiig the steps of contacting the sample cotnprisiijg the target with first and 
second nucleic acid probes* each probe counting a fout legion conipteaKaitaiy to 

' respective first and second portions of the target, which' portions are adjacent or 
substantially so; wherein the first and second probes each farther. comprise an arm region 
substantially noa-ooirjple^ntary to. the. target, at least pan erf die arm region of the fhsj 
probe beiog complementary to at least part of die ton region of tb* second probe, such 
that respective foot regions of the first ahd second probes hybridise to the target allowing 
hybridisatioia of the .complementary^ Mparts of the ama regions of die- first and .second 

. probes; and causing to be present *L third * nucleic acid probe molecule which is 
complementary to a portion of the arm- region of the first probe, such, that tbe third probe 
hybridises to the first probe adjacent ro the .arm region of the second probe, ttte*eby- 
creating a functional donblc-strandcjj. J&NA polynierflise pfoinotet, .one strand of the 
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promoter being provided by the first probe, the other strand beiag provided jointly by .the 
second and rlxu'd pxol*=$; causing I^Asyuilicsis Train die RNA promoter; sued detecting, 
directly or. tosirectry, ike fcT^A so syathesfced. 
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Duplicate refactions 



The numbers located above the columns represent the amplification factor (lop 
nurnbei) and sagnaiino&e ratio (bottom number). 



H = Hexaethylane glycol linker 
positioned 3 bases ftom tbe 3' 
crtdoFProbcS 
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The numbers located above the cofOmns represent the. amplification factor ftop 
number) .and signalrnoise ratio (bottom nunjber). 



